This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SroES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



PCT/EPOO/00280 



P/ INT COOPERATION TREA^' 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 
(PCT Rule 61.2) 


To: 

Assistant Commissioner for Patents 
United States Patent and Trademark 
Office 
Box PCT 

Washington, D.C.20231 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


uoic ui ■Tioiiiiifi \uay/ri lUi Hiif y ca > / 

04 October 2000 (04.10.00) 




International application No. 

PCT/EPOO/00280 


Applicanf s or agent's file reference 
1999/F012PCT 


International filing date (day/month/year) 

15 January 2000(15.01.00) 


Priority date (day/month/year) 

27 January 1999(27.01.99) 


Applicant 

YAMAMOTO, Tetsu 



1. The designated Office is hereby notified of its election made: 

I X[ in the demand filed with the International Preliminary Examining Authority on: 
17 August 2000(17.08.00) 

I I in a notice effecting later election filed with the International Bureau on: 



2, The election 




was 
was not 



made before the expiration of 1 9 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





Authorized officer 


The International Bureau of WlPO 


34, chemin des Colombettes 


Zakaria EL KHODARY 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 


Form PCT/IB/331 (July 1992) 


EP0a00280 



C py f r the Elected Offic (EO/US) 

PATENT COOPERATION TREATY 



PCT/E POO/00280 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 

KJr f\ CrIMiNut: 

(PCT Rule92bis.1 and 
Administrative Instructions, Section 422) 


To: 

CELANESE VENTURES GMBH 
Intellectual Property Group 
Industriepark Hochst, Gebaude K 801 

n-f^^^7f^ Franlrfurt am M;)in 
ALLEMAGNE 


Date of mailing (day/month/year) 
20 March 2001 (20.03.01) 


Applicant's or agent's file reference 
1999/F012PCT 


IMPORTANT NOTIFICATION 


International application No. 
PCT/EPOO/00280 


International filing date (day/month/year) 
15 January 2000(15.01.00) 



Name and Address 


State of Nationality 


State of Residence 


AXIVAGMBH 


DE 


DE 


F-65926 Frankfurt am Main 
Germany 


Telephone No. 
069-305-4302 




Facsimile No. 






069-305-26600 






Teleprinter No. 



1. The following indications appeared on record concerning: 

X the applicant | [ the inventor | [ the agent 



I I the common representative 



2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 

I I the nationality [ | the residence 



□ 



the person 



the name 



□ 



the address 



Name and Address 


State of Nationality 


State of Residence 


CELANESE VENTURES GMBH 


DE 


DE 


F-65926 Frankfurt am Main 
Germany 


Telephone No. 
069-305-4302 




Facsimile No. 






069-305-26600 






Teleprinter No. 



3. Further observations, if necessary: 

The address for correspondence has also been changed, as indicated in the above addressee 
box. 



4. A copy of this notification has been sent to: 
I X [ the receiving Office 
[ I the International Searching Authority 
I I the International Preliminary Examining Authority 



I I the designated Offices concerned 
I X| the elected Offices concerned 
I I other: 





Authorized officer 


The International Bureau of WlPO 




34, chemin des Colombettes 


Ingrid Aulich 


121 1 Geneva 20, Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/306 (March 1994) 



003908302 



V- - 



09/8.8997f 

JC18ReS|cT/PT0 2 4 jul . 2001 



METHOD 
FOR PRODUCING 
BRIDGED POLYMER 
MEMBRANE 
AND FUEL CELL 



Tetsu Yamamoto 



INTERNATIONAL APPLICATION 
IN ENGLISH 

-with- Two ( 2 ) Sheets of Drawings 

PCT/EPOO/00280 
IFD: January 15, 2000 (01/15/2000) 

1999/F-012 (8577*36) 



S^0"r3835 
- TTTT.v ?4. ?nm - 

I hervbr cvrtlty that this pmpmr or fmm to 
beino 0m0omtxma with th» Unttad States Pos 
Servtot *Expr«8« Mail Poat Omea to 
Assrasse* aarviea undar 37CFR 1 10 on . 
date undicfite^ e&ove and ts adrtranod to BoX 
PCT, Commissioner for Patents, 

Waamngrton.O^C. 20231 ^, 

-na rne A, McP^erson- 

CTypad of pnntap iiaiiia of paraon asaflkiQ 

TaLi^^^mrPhoj^ 

fSipnatuPttof paraon maHing paparof taa) (J 



HCTUAL PROPERTY ORGANIZATION 
International Bureau 




^ ^ ^ Ii 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
C08J 5/22, HOIM 8/10 



Al 



(11) International Publication Number: WO 00/44816 

(43) International Publication Date: 3 August 2000 (03.08.00) 



(21) International Application Number: PCT/EP(X)/00280 

(22) International Filing Date: 15 January 2000 (15.01.00) 



(30) Priority Data: 
11/018090 
11/157509 



27 January 1 999 (27.0 1 .99) JP 
4 June 1999 (04.06.99) JP 



(71) Applicant (for all designated Stales except US): AXIVA 

GMBH [DE/DE]; F-65926 Frankfurt am Main (DE). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): YAMAMOTO. Tetsu 
[JP/JP]; 9-401. Torimachi 24-chome, Kawagoe. Saitama 
350-0044 (JP). 



(81) Designated States: CA, JP, KR, MX. US, ZA, European patent 
(AT. BE. CH, CY. DE. DK. ES. FI. FR, GB. GR. IE, IT, 
LU, MC. NL. PT. SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Titie: METHOD FOR PRODUCING BRIDGED POLYMER MEMBRANE AND FUEL CELL 
(57) Abstract 

A method for producing a bridged polymer membrane includes the steps of: obtaining a liquid medium comprising a basic polymer 
having an amino group in a repeating unit, a bridging agent, and a solvent; shaping the liquid medium into a membrane configuration to 
obtain the shaped membrane; and bridging the basic polymer by the bridging agent in the shaped membrane. A fuel cell has the bridged 
polymer membrane. The mechanical strength of the polymer electrolyte membrane is improved. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


OA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TC 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burlcina Faso 


GR 


Gree« 




Republic of Mace<k>nia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Stat» of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


J^>an 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzsian 


NO 


Norway 


zw 


Zimbabwe 


a 


Cdtc d*Ivoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


RejMiblic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech RejHiblic 


hC 


Saint Lucia 


RU 


Russian I^dnation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmaiic 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 00/44816 



PCT/EPOO/00280 



1 

Method for producing bridged polymer membrane and fuel cell 
Field of the Invention 

The present invention relates to a method for producing a bridged polymer 
5 membrane and a fuel cell. 

Related Art 

A cell includes an electrolyte and a pair of electrodes separated by the electrolyte. In 
case of a fuel cell, a fuel such as a hydrogen gas is supplied to one of the 

10 electrodes, and an oxidizing agent such as an oxygen gas is supplied to the other 
electrode, thereby converting chemical energy involved in the oxidation of the fuel 
into electric energy. The electrolyte permeates hydrogen ions, that is, protons but 
does not permeate reactive gases such as the hydrogen gas and the oxygen gas. 
Typically, a fuel cell has a plurality of single cells, and each of the single cells has an 

15 electrolyte and a pair of electrodes separated by the electrolyte. 

As the electrolyte for the fuel cell, a solid such as a polymer electrolyte membrane 
and a liquid such as phosphoric acid are used. Recently, the polymer electrolyte 
membranes have been receiving attention as the electrolytes for the fuel cell. For 
20 example, perfluorosulfonic acid polymers and complexes between basic polymers 
and strong acids are used as materials for the polymer electrolyte membranes. 

Typically, the perfluorosulfonic acid polymer has a framework of perfluorocarbon 
such as a copolymer of tetrafluoroethylene and trifluorovinyl and a side chain being 
25 bonded thereto and having a sulfonic acid group such as a side chain that a sulfonic 
acid group is bonded to perfluoroalkylene group. The sulfonic acid group releases a 
hydrogen ion to convert into an anion, and therefore conducts proton. 

Polymer electrolyte membranes comprising complexes of basic polymers and strong 
30 acids have been developed. Intemational Publication W096/13872 and Its 

corresponding U.S. Pat. No. 5,525,436 disclose a method for producing a proton 
conductive polymer electrolyte membrane by immersing a basic polymer such as 
polybenzimidazoles in a strong acid such as phosphoric acid, sulfuric acid and so on. 
The fuel cell employing such a polymer electrolyte membrane has the advantage 
35 that it can be operated at 100 °C or above. 

J. Electrochem, Soc. Vol. 142, No. 7. 1995, ppL121-L123 describes that immersing 
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a polybenzimidazole in 11M phosphoric acid for at least 16 h impregnates five 
molecules of phosphoric acid per unit of the polybenzimidazole. 
Further, Intemational Publication W097/37396 and its corresponding U.S. Pat. No. 
5,716.727 describe a method for producing a polymer electrolyte membrane by 
5 obtaining a solution of a polybenzimidazole dissolved in trifluoroacetic acid, followed 
by adding phosphoric acid to the solution, and subsequently by removing the 
solvent. 

The whole disclosures of WO 96/13872, J. Electrochem. See, Vol. 142, No. 7. 1995. 

10 ppL121-L123 and W097/37396 are incorporated herein as reference. 

Even though a basic polymer by itself has a sufficient mechanical strength, there are 
cases that the mechanical strength of the basic polymer decreases to an insufficient 
degree by impregnating the basic polymer with a strong acid for providing proton 
conductivity. Therefore, it is desired to further improve the mechanical strength of the 

15 basic polymer for applying the complex of the basic polymer and the strong acid to 
the electrolyte membrane for the fuel cell and so on. 

U.S. Pat. No. 5,599,639 describes a basic polymer wherein a sulfonic acid group is 
introduced into a basic polymer such as polybenzimidazole and so on through a 
linker such as an alkylene and so on. The basic polymer is required to incorporate 
20 water therein for providing proton conductivity so that the basic polymer may be used 
as the electrolyte membrane for the fuel cell. 

However, when the basic polymer is immersed in water, there are cases that the 
basic polymer swells and that a sufficient mechanical strength is not achieved. The 
25 whole disclosure of U.S. Pat. No. 5,599.639 is incorporated herein as reference. 

The present inventors tried to improve the mechanical strength by shaping a basic 
polymer into a membrane configuration followed by reacting with an extemal bridging 
agent. However, the basic polymer in a gel or solid form did not smoothly react with 
the extemal bridging agent. 

30 

Summary of the Invention 

To solve the aforementioned problem, the present invention is accomplished by 
shaping a basic polymer into a membrane configuration followed by proceeding a 
bridging reaction. 

35 

According to one aspect of the present invention, there is provided a method for 
producing a bridged polymer membrane, comprising the steps of: obtaining a liquid 
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medium comprising a basic polymer having an amino group in a repeating unit, a 
bridging agent, and a solvent; shaping the liquid medium into a membrane 
configuration to obtain a shaped membrane; and bridging the basic polymer by the 
bridging agent in the shaped membrane. 

Preferably, the bridging agent has at least two epoxy groups or isocyanate groups in 
the molecule thereof. 

Preferably, the liquid medium contains 0.001 to 0.8 mole of the bridging agent per 
unit of the basic polymer. 

Preferably, the basic polymer is selected from the group consisting of 
polybenzimidazoles, polyimidazoles. polyvlnyiimidazoles, and 
polybenzbisimidazoles. 

Preferably, the method may further comprise the step of impregnating the basic 
polymer with a strong acid for providing proton conductivity. The strong acid may be 
impregnated in the form of the liquid medium. Alternatively, the strong acid may be 
impregnated after the shaping but before the heating. Alternatively, the strong acid 
may be impregnated after heating. 

Alternatively, the basic polymer may have a strong acid group in the repeating unit in 
the basic polymer. The presence of the strong acid provides proton conductivity. 

According to another aspect of the present Invention, there is provided a fuel cell 
comprising a plurality of single cells, each of the single cells comprising a bridged 
polymer membrane obtained by the aforementioned method and a pair of electrodes 
sandwiching the bridged polymer membrane. 

Brief Description of the Drawings 

Fig. 1 is a cross section of a part of a fuel cell. 

Fig. 2 is an enlarged portion A of Fig. 1 . 

Prefenred Embodiments of the Invention 

TTie present invention may include the step of obtaining a liquid medium comprising 
a prescribed basic polymer, a bridging agent, and a solvent. Typically, the basic 
polymer is dissolved in the solvent to obtain a solution, and the bridging agent is 
added to the solution, followed by mixing thereof. 
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As the basic polymer, the basic polymer including an amino group in a repeating unit 
Is used. Since the amino group is present in the repeating unit, the polymer becomes 
basic and the amino group may react with the bridging agent. In view of the reactivity 
with the bridging agent, the amino group in the repeating unit is preferably a primary 
amino group or a secondary amino group. 

The repeating unit in the basic polymer preferably contains an aromatic ring 
containing at least one nitrogen atom. The aromatic ring is preferably a five- 
membered ring or a six-membered ring containing one to three nitrogen atoms, 
which may be fused with another ring, particulariy another aromatic ring. 

Preferably, the basic polymer is soluble to the solvent. Specifically, a solution 
preferably dissolves not less than 1 percent by weight of the basic polymer and 
further preferably not less than 2 percent by weight. The features facilitates forming a 
uniform polymer membrane without forming pores therein. 
The basic polymer which may be used in accordance with the present invention 
includes polybenzimidazoles, polyimidazoles, polyvinylimidazoles, and 
polybenzbisimidazoles. Among these, polybenzimidazoles are preferable. 

As for the polybenzimidazoles, those of the following formula are preferably used: 




(I) 



wherein R represents alkylene, perfluoroaikylene, or a substituent of any of the 
following formulae: 
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further wherein each of alkylene and perfuoroalkylene groups, which may be R. has 
1 to 10 carbons preferably, and more preferably 1 to 6 carbons. 

5 

Furthermore, the basic polymers which may also be used are polybenzbisimidazoles 
of the following formula: 




wherein R has the aforementioned meaning. 

10 

A strong acid group such as a sulfonic acid groupC-SOsH). a phosphate monoester 
group(-C)-P(=0)(OH)2) and so on may be introduced into the amino group of the 
polybenzimidazoles or the polybenzbisimidazoles through a linker 

15 As for the linker, the aforementioned R may be used. Alternatively, the linker may 

include a linear or branched hydrocarbon group having 1 to 20 carbon atoms, which 
may be substituted with a fluorine atom, which may be interrupted by an oxygen 
atom (-0-) or a group represented by a fomiula -N(R^)- wherein R^ is a hydrogen 
atom or a lower alkyi group having 1 to 6 carbon atoms. The hydrocarbon group 

20 includes: a lower alkylene group having 1 to 20 carbon atoms, which may be 

intenrupted by an oxygen atom or an arylene group such as a phenylene group, and 
which may be branched; and an arylene group such as a phenylene group, which 
may be substituted with a lower alkyI group, a lower alkoxy group, a sulfonic acid 
group, an amino group, a fluorine atom and so on. Alternatively, a group represented 
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by a formula -<CR^R'*)p-0-(CR=RV 

wherein p and q are independent, and each is an integer of 1 to 10; and 

R^, R'', R^, and R® are independent, and each is the same or different and a 
hydrogen atom; a fluorine atom; a lower alkyi group or a lower alkoxy group having 1 
to 6 carbon atoms; an aryl group such as a phenyl group which may be substituted 
with a lower alkyI group, a lower alkoxy group, a sulfonic acid group, an amino 
group, a fluorine atom and so on; or a strong acid group such as a sulfonic acid 
group, a phosphate monoester group, and preferably a hydrogen atom; a fluorine 
atom; or a lower alkyI group having 1 to 6 carbon atoms. 

For example, a group represented by a formula >N-(CR^R'')r-S03H 
wherein N represents a nitrogen atom in the imidazole ring of the 
polybenzimidazoles or the polybenzbisimidazoles; r is an integer of 1 to 20; and R^ 
and R'' have the aforementioned meanings may be introduced into the 
polybenzimidazoles or the polybenzbisimidazoles. 

When a strong acid group is introduced into the nitrogen atom of the 
polybenzimidazoles or the polybenzbisimidazoles through the linker, it is not 
necessary that the linker and the strong acid are introduced into all of the nitrogen 
atoms. The linker and the strong acid may be introduced into some of the nitrogen 
atoms, and hydrogen atoms may remain bonded to the other nitrogen atoms. The 
remaining nitrogen atoms may be reacted with the bridging agent, and therefore it is 
preferable. 

For example, the linker and the strong acid may be introduced into 5 to 85 percent of 
the nitrogen atoms of the basic polymer such as the nitrogen atoms of the imidazole 
ring, and particulariy, the linker and the strong acid may be introduced into 10 to 75 
percent of the nitrogen atoms, and further particulariy, the linker and the strong acid 
may be introduced into 15 to 40 percent of the nitrogen atoms. 

The basic polymer may be reacted with a sultone in a solution of the basic polymer 
to sulfonate or sulfoalkylate the basic polymer. In the reaction, for example, a 
solution of 1 to 30 percent by weight of the basic polymer may be used, and 
particulariy. a solution of 5 to 20 percent by weight of the basic polymer may be 
used. As for the solvent for the suifonation or sulfoalkylation. the solvent for the liquid 
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medium, which will be described later, is preferably used. 

The reaction is, for example, described in U.S. Pat. No. 5,599.639, U.S. Pat. No. 
4,814,399 and Ahmed Mstafa, Chemical Review, pp. 195-223(1954). and these 
5 documents are incorporated herein as reference. 

As the solvent used for the liquid medium, the solvent that does not react with the 
bridging agent is preferable. An organic solvent is preferable, and an organic solvent 
having polarity is further preferable. The organic solvent includes, for example, lower 
10 amides such as N-methyl-2-pyn^olidone, N, N-dimethylacetamide. 

dimethylfomiamide; dimethylsulfoxide and so on. A mixture of these solvents may be 
used. 

The liquid medium may be either a solution or a suspension. In case of the solution, 
the basic polymer Is dissolved in the solvent. In case of the suspension, particles of 
15 the basic polymer serving as a dispersion phase is dispersed in a solvent serving as 
a continuous phase. Altematively, the liquid medium may be a slurry or a paste. 

The bridging agent is not limited as long as the bridging agent includes a compound 
having a functional group reacting with an amino group. The bridging agent 
20 preferably has at least two functional groups for reacting with the amino group in the 
molecule thereof, and the bridging agent is typically an organic compound. Examples 
of such functional groups include epoxy groups and isocyanate groups. However, 
when the epoxy group and the isocyanate group are present in the molecule of the 
bridging agent, both groups react each other and therefore, it is not preferable. 

25 

The organic compound having not less than two epoxy groups and not less than two 
isocyanate groups includes, for example, an epoxy compound represented by 
formula (11), and an organic compound represented by formula (III). Further, the 
hydrogen atoms in the epoxy groups of the epoxy compound represented by formula 
30 (II) may be substituted by a halogen or a lower alkyi group. 

(CH,)n^''^jCH,)n oCN'^-NCO 
I — o o — ' 

(II) ('") 

In the aforementioned formula. is a hydrocarbon group, including, for example, a 
linear chain or branched lower alkylene group which may be substituted by a nitro 



wo 00/44816 



PCT/EPOO/00280 



8 

group, an oxygen atom, an epoxy group or an aryi group; and a linear chain or 
branched lower alkoxy group which may be substituted with a nitro group, an epoxy 
group or an aryl group. As for the aryi group, a phenyl group, a naphthaleny! group 
and an Indenyl group can be mentioned, n is an integer of 0 or 1, and preferably 0. 

5 




10 

In the aforementioned formulae, m and i are the same or different and each is an 
integer of 1 to 6. 

An example of the bridging agent having three functional group in the molecule, 
15 which reacts with an amino group is shown as follows. 
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CH20(^H-pH2 

CH3CH2C CH20(^H-pH2 

I o 
CH20(^H-pH2 

O 

Preferably, the liquid medium contains at least 1 percent by weight of the basic 
polymer, and further preferably, the liquid medium contains at least 2 percent by 
weight of the basic polymer. Preferably, the liquid medium contains not more than 95 
percent by weight of the basic polymer, and further preferably, the liquid medium 
contains not more than 80 percent by weight of the basic polymer, and particularly 
preferably, the liquid medium contains not more than 50 percent by weight of the 
basic polymer. 

Preferably, the liquid medium contains 0.001 to 0.8 mole of the bridging agent per 
unit of the basic polymer, and further preferably, the liquid medium contains 0.01 to 
0.5 mole of the bridging agent, and particulariy preferably, the liquid medium contains 
0.05 to 0.3 mole of the bridging agent. When an amount of the bridging agent is too 
much, it becomes difficult to impregnate a strong acid in the basic polymer. On the 
other hand, when an amount of the bridging agent is too small, the mechanical 
strength of the polymer membrane is not sufficiently improved. 

Subsequently, the liquid medium is shaped into a membrane configuration to obtain 
a shaped membrane. For example, the liquid medium is cast onto a planar substrate, 
and then dried in a reduced pressure. Alternatively, the basic polymer may be 
shaped into the membrane configuration by a doctor-blade method. 

The substrate for the casting or the doctor-blade method may be a semiconductor 
such as a silicon wafer, a synthetic polymer such as poly(ethyleneterephthaiate). and 
a metal such as a stainless steel. When a roll made of, for example, 
poly(ethyleneterephthalate) is used as the substrate, a continuous castor may be 
used to produce a shaped membrane having a constant width and any thickness. In 
this case, the liquid medium is cast onto the substrate, and go through a gap having 
a prescribed distance, and then go through a drying fumace for drying by a warm 
wind. 
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Alternatively, the basic polymer may be shaped into the membrane configuration 
according to the method as described in Japanese Patent Appln. Hei 10-125560. 
filed May 8. 1998: entitled "Method for Producing Polymer Electrolyte Membrane for 
Fuel Cell and Fuel Cell." Specifically, the liquid medium is poured into a cylinder 
5 having the inner surface having a cylindrical configuration, and subsequently, the 
cylinder is rotated. At that point, the solvent is allowed to evaporate through 
centrifugal force by the rotation; concurrently, a polymer membrane having a 
cylindrical configuration of substantially uniform thickness is formed on the inner 
surface of the cylinder. Thereafter, the polymer membrane having a cylindrical 
10 configuration is cut out to yield a shaped membrane having a membrane 

configuration. This method allows to form the basic polymer having a uniform matrix. 
The disclosure of Japanese Patent Appln. Hei 10-125560 is incorporated herein as 
reference. 

15 In the present invention, the basic polymer is bridged by the bridging agent in the 
shaped membrane. Typically, the shaped membrane is heated to bridge the basic 
polymer by the bridging agent. However, it is not limited to heating, and a 
photochemical reaction may bridge the basic polymer by the bridging agent. 

20 In the following description, an embodiment that the bridging agent is reacted by 

heating is mainly described. The aforementioned shaping step, in many cases, may 
include the step of heating the membrane for drying the shaped membrane. The 
heating for drying may form the shaped membrane and simultaneously bridge the 
basic polymer by the bridging agent in the basic polymer. To facilitate drying, it may 

25 be heated in a reduced pressure of not more than 1 atmospheric pressure, 

preferably not more than 0.1 atmospheric pressure and further preferably not more 
than 0.05 atmospheric pressure. 

Altematively, the heating for drying the shaped membrane may be determined to a 
30 temperature which is lower than the reaction temperature of the bridging agent, and 
subsequently, the shaped membrane may be distinctly heated for bridging the 
bridging agent. A warnn wind may be used for the heating for drying or the heating for 
bridging. 

35 For example, the epoxy compound represented by fomriula (Ma) is reacted with 
polybenzimidazole represented by fomiula (I) to bridge a polymer chain. 
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In the aforementioned fonnulae, is the same as defined above. 

Similarly, the isocyanate compound represented by formula (III) is reacted with 

polybenzimidazole represented by formula (I) to bridge a polymer chain. 




(I) 




In the aforementioned formulae, is the same as defined above. 

In the aforementioned formulae, it is described such that different polymer chains are 
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bridged for convenience of the description. However, the sanne polymer chain may 
be bridged, and an inside of one repeated unit may be bridged. 

In the present invention, preferably, the step of impregnating the basic polymer with 
5 a strong acid for providing proton conductivity may be included. The strong acid may 
be impregnated in the form of the liquid medium. Alternatively, the strong acid may 
be impregnated after the shaping but before the heating. Altematively, the strong 
acid may be impregnated after heating. 

10 The embodiment that strong acid is impregnated in the form of the liquid medium 
refers to adding a strong acid to the liquid medium. Preferably, the bridging agent 
does not react with the strong acid. 

Preferably, the strong acid may be impregnated after heating the shaped membrane. 

15 The bridged, basic polymer has improved mechanical strength, and the handling 
thereof is easier. Since the bridging agent is already reacted, and therefore, the 
reaction of the strong acid with unreacted bridging agent is very limited. 
The bridged, basic polymer membrane may be immersed in the strong acid so that 
the strong acid is impregnated in the basic polymer membrane. The basic polymer 

20 may be immersed in a strong acid having a high concentration at a temperature of 

not less than 35**C, preferably not less than 40*^0, further preferably not less than 50'' 
for a period of not more than 5 hours, preferably not more than 1 hour By carrying 
out the immersion step at 35°C or above, it becomes possible to shorten the time for 
immersing the basic polymer in the strong acid. However, in view of the stability of 

25 the basic polymers and the safety precautions required to handle the strong acids at 
high temperatures, preferably, the immersion step is carried out at not more than 
200*'C or below, more preferably at 100°C or below, and most preferably at SC^C or 
below. 

30 Protic strong acids may be used as the strong acid. For example, phosphoric acid 
and sulfuric acid are preferably used. 

As used in the present specification, the "phosphoric acid" includes phosphorous 
acid (H3PO3), orthophosphoric acid (H3PO4), pyrophosphoric acid (H4P2O7), 
triphosphoric acid (H5P3O10). and metaphosphoric acid. The phosphoric acid, 
35 particulariy orthophosphoric acid, preferably has a concentration of not less than 80 
percent by weight: more preferably, a concentration of not less than 90 percent by 
weight; even more preferably, a concentration of not less than 95 percent by weight; 
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and most preferably, a concentration of not less than 98 percent by weight. This is 
because the basic polymer can be impregnated with a larger number of strong acid 
molecules as the concentration of the strong acid increases. 

5 The polymer electrolyte membrane obtained by the present invention, namely, the 
complex between the basic polymer and the strong acid, is proton conductive, and 
therefore, it may preferably be used as an electrolyte for cells. Nevertheless, the 
polymer electrolyte is not be limited to its use for the cell; but it can also be used as 
the electrolyte for a display element, an electrochromic element or a various sensor. 

10 

According to another aspect of the present invention, the polymer electrolyte 
membrane can preferably be used in the single cell for a fuel cell. 

In referring to Fig. 1 , the single cell for a fuel cell 10 has a polymer electrolyte 
15 membrane 12 and a pair of electrodes 20 sandwiching the polymer electrolyte 

membrane 12. Each of the electrode 20 has a catalytic layer 14 and a gas diffusion 
layer 22 for supplying a reaction gas with the catalytic layer 14. 
In Fig. 2, the catalytic layer 14 has a matrix 15 consisting essentially of a polymer 
electrolyte membrane and a plurality of catalytic particles 16 being dispersed in the 
20 matrix. The matrix 15 along with the polymer electrolyte membrane 12 forms a 

channel for conducting hydrogen ions. The material for the matrix 15 is preferably 
the same as the material for the polymer electrolyte membrane 12. However, these 
materials may be different. The matrix 15 may be porous so as to allow the reactive 
gas to pass through. The catalytic particles preferably contact each other, thereby 
25 forming a channel for conducting electrons. 

Each of the catalytic particles 16 has an electrically conductive carrier 17 and a 
catalytic substance 18 being loaded onto a surface of the electrically conductive 
carrier 17. The electrically conductive carrier may be carbon particles. The catalytic 
30 substance 18 may be platinum metal or a platinum alloy. In Fig. 2, the catalytic 
substance 18 is coated onto the surface of the electrically conductive carrier 17. 
Alternatively, the catalytic substance 18 may have a particle configuration. 

The gas diffusion layer 22 is porous so as to allow the reactive gas to pass through. 
35 In Fig. 2, the gas diffusion layer 22 is made of a plurality of electrically conductive 
particles 26 forming a gap 24. The electrically conductive particles may be carbon 
particles and same as electrically conductive carrier 17. Alternatively, the electrically 
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conductive particle 26 is replaced by electrically conductive substance such as 
carbon fibers. 

The polymer electrolyte membrane in accordance with the present invention may be 
5 used as the electrolyte membrane 12. Moreover, the electrolyte membrane 12 as 

well as a precursor for a single cell having one of or both catalytic layers 14 may be 
produced. Furthermore, the single cell may be produced by fixing the gas diffusion 
layer 22 to the precursor 

10 Examples 

The following examples are merely illustrative of the present invention, and are not to 
be construed as limitations thereof. 

Example 1 

15 Polybenzimidazole having the structural formula described below and having an 
intrinsic viscosity of 1.1 (available from Hoechst Celanese Inc.) was dissolved in 
N,N-dimethylacetamide to yield a solution having a resin concentration of 10 percent 
by weight. 




20 

Subsequently, an amount shown in Table 1 of ethyleneglycoldiglycidylether as a 
bridging agent is added to the solution and mixed thereof. The mixed solution thus 
obtained was cast onto a S-inch silicon wafer, and dried at 90 "^C for four hours in a 
reduced pressure (10 mmHg) for forming a membrane and for proceeding the 
25 bridging reaction at the same time to obtain a cast film having a thickness of about 
50 micrometer. The film thus obtained is flexible compared to unbridged 
polybenzimidazoles. The solubility of the cast film at room temperature in N,N- 
dimethylformamide was determined. The results are shown in Table 1. 
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Table 1 



Sample 


Added Amount of 


solubility in N,N- 




Ethy leneg lyco Id ig lycidy lether 


dimethylacetamide 




(molar percent) 




1 


100 


insoluble, no swelling 


2 


50 


insoluble, no swelling 


3 


15 


insoluble, swelling 


4 


10 


insoluble, swelling 


5 


5 


insoluble, swelling 
considerably 


6 


0 


soluble 



Example 2 

5 The bridged polybenzimidazole obtained in Example 1 (50 micrometer thickness) 

was cut out in 3-cm square pieces. The films were washed with water to wash away 
the remaining N,N-dimethylacetamide. Then, they were dried at a reduced pressure 
and the weights of the films were measured. 

10 Thereafter, the dried polybenzimidazole films were placed in sample vials. To each of 
these was added 30 ml of 85 percent by weight aqueous orthophosphoric acid, and 
then immersed at room temperature for 72 hours. Subsequently, the 
polybenzimidazole films impregnated with orthophosphoric acid were removed from 
the phosphoric acid, and excess phosphoric acid on their surfaces was thoroughly 

15 wiped off with filter papers. Subsequently, the weight increments were determined by 
weighing. After weighing, the polybenzimidazole films were placed in 1 -liter 
volumetric flasks, and deionized water was filled up to the measuring lines and 
stirred. Orthophosphoric acid was extracted from the polybenzimidazole films to 
obtain aqueous phosphoric acid solutions. The aqueous phosphoric acid solutions 

20 thus obtained were titrated with 0.02 N sodium hydroxide solution, and the quantities 
of orthophosphoric acid being impregnated in the polybenzimidazole films were 
determined. The difference between the weight increment after impregnation with 
orthophosphoric acid and the weight of orthophosphoric acid of impregnation was 
calculated to be the quantity of the water that had been adsorbed to each 

25 polybenzimidazole film impregnated with orthophosphoric acid. These results are 
shown in Table 2. 
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Table 2 



Sample 


Added Amount of 


Number of 


Number of water 




Ethyleneglycol- 


phosphoric acid 


molecules 




diglycidylether 


molecules 


impregnated per 




(molar %) 


impregnated per 


repeating unit of the 






repeating unit of the 


polymer 






polymer 




1 


100 


0 




2 


50 


0 




3 


15 


6.59 


9.83 


4 


10 


6.61 


11.83 


5 


5 


7.74 


13.08 



The results show that the bridged polymer membranes that is impregnated with 
orthophosphoric acid are obtained. Therefore, such polymer membrane may be sued 
5 as an electrolyte membrane for a fuel cell. 

Even though an added amount of the bridging agent is at least 50 percent by mole, it 
is possible to impregnate phosphoric acid by increasing temperatures of the 
phosphoric acid to 50 °C, However, in this case, it takes at least seven days for 
10 impregnation, and the mechanical strength after impregnation decreases, and the 
film became brittle. 

Example 3 

Polybenzimidazole having the structural formula described in Example 1 and having 
15 an intrinsic viscosity of 1.1 (available from Hoechst Celanese Inc.) was dissolved in 

N,N-dimethylacetamide to yield a solution having a resin concentration of 10.0 
percent by weight. Subsequently, 10 percent by mole based on a unit of 
polybenzimidazole of ethyleneglycoldiglycidylether as a bridging agent is added to 
the solution and mixed thereof. 

20 

65 gram of the solution was introduced into a stainless- steel cylinder having a 
cylindrical configuration with an inner diameter of 141 millimeter and a length of 408 
millimeter. The cylinder was rotated at QO'^C for two hours at 2500 rpm to obtain a 
bridged membrane of polybenzimidazole having a cylindrical configuration. A 
25 thickness of the polybenzimidazole membrane was determined at any six points. An 
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average of the thickness was 47 micrometers. 
Example 4 

A polybenzimidazoie bridged membrane of Example 3 was immersed in 85 percent 
5 by weight phosphoric acid at room temperature for 96 hours to yield a polymer 

electrolyte membrane. This polymer electrolyte membrane was cut out in a circular 
piece. Next, it was sandwiched by two sheets of carbon electrodes for a fuel cell of 
the polymer electrolyte type, which were commercially available, and hot-pressed at 
140 °C and 50 kgf/cm^ (1 kgf is equivalent to about 9.8 Newton) to yield a single cell 
10 for fuel battery. When hydrogen and air were introduced into this single cell for 

generating electricity, following outputs were obtained: 300 mW/ cm^ at 160 °C and 
0.5 V under 1 atmospheric pressure, and 475 mW/ cm^ at 160 °C and 0.5 V under 3 
atmospheric pressures, respectively. 

15 Comparative Example 1 

Polybenzimidazoie having a sulfobutylene group (-{CH2)4-S03H) in a side chain was 
prepared in a method of Example 1 of U.S. Pat. 5,599,639. Namely, 
polybenzimidazoie having the following repeating unit was prepared. 




Poly 2.2*-(m-phenylene)-5,5 -bibenzimidazole was dissolved in N-methyl-2- 
pyrrolidone, and then lithium hydride was added to the solution. Subsequently, the 
solution was heated to 70 °C for 12 hours under stirring. After the bubbling ceased, a 
25 mixture of 9 parts by mole of 1 ,4-butanesultone and N-methyl-2-pyrrolidone were 

added dropwise by an addition funnel. Subsequently, the solution was further heated 
to 70 **C for 12 hours under stirring. Thus, poly 2,2 -(m-phenylene)-N, N'- 
sutfobutylene-5,5'-bibenzimidazole having a sulfonation rate of 70.5 percent was 
obtained. 
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The polymer was dissolved in dimethylsulfoxide to obtain a polymer solution having 
a polymer concentration of 5 percent by weight. The solution was cast onto a 6-inch 
silicon wafer, and dried at 90 °C for four hours in a reduced pressure (10 mmHg) for 
forming a membrane and for proceeding the bridging reaction at the same time to 
5 obtain a cast film. When the cast film thus obtained was immersed in pure water, the 
cast film considerably swelled so that the film configuration was not kept. The film 
could not be recovered from the water. 

Example 5 

10 To 15 gram of the polymer solution of Comparative Example 1 was added 0.0912 
gram of ethyleneglycoldiglycidylether, and mixed thereof. In the solution, a molar 
ratio of the unsubstituted imidazole group to ethyleneglycoldiglycidylether was about 
2:1. The mixed solution thus obtained was cast onto a 6-inch silicon wafer, and dried 
at 90 •'C for four hours in a reduced pressure (10 mmHg) for forming a membrane 

15 and for proceeding the bridging reaction at the same time to obtain a cast film. When 
the cast film thus obtained was immersed in pure water, the film swelled, and it was 
easily peeled off from the silicon wafer while the film kept the film configuration. A 
thickness during containing water was about 65 micrometer. 

20 The proton conductivity of the bridged, butylsulfonated polybenzimidazole thus 

obtained In water was measured by a complex impedance process, and it was 51 
mS/cm at 25'C and 118 mS/cm at 57°C. 

Therefore, it is confirmed that the present invention may be applied to a basic 
25 polymer having proton conductivity. 

In the present invention, shaping a basic polymer into a membrane configuration and 
then proceeding a bridging reaction allow to improve the mechanical strength of the 
basic polymer. Adjusting an amount of the bridging agent allows to maintain a 
30 capacity of the basic polymer to impregnate a strong acid. 
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Claims: 

1 . A method for producing a bridged polymer membrane, comprising the steps 
of: 

5 obtaining a liquid medium comprising a basic polymer having an amino 

group in a repeating unit, a bridging agent, and a solvent; 

shaping the liquid medium into a membrane configuration to obtain a shaped 
membrane; and 

bridging the basic polymer by the bridging agent in the shaped membrane. 

10 

2. A method of claim 1 wherein the bridging agent has at least two epoxy 
groups or isocyanate groups in the molecule thereof. 

3. A method of claim 1 or 2 wherein the liquid medium contains 0.001 to 0.8 
15 mole of the bridging agent per unit of the basic polymer. 

4. A method of claim 1 , 2 or 3 wherein the basic polymer is selected from the 
group consisting of polybenzimidazoles, polyimidazoles. polyvinylimidazoles, and 
polybenzbisimidazoles. 

20 

5. A method of claim 1 further comprising the step of impregnating the basic 
polymer with a strong acid for providing proton conductivity. 

6. A method of claim 1 wherein the basic polymer has a strong acid group in 
25 the repeating unit in the basic polymer. 

7. A fuel cell comprising a plurality of single cells, each of the single cells 
comprising a bridged polymer membrane obtained by a method of claim 5 or 6 and a 
pair of electrodes sandwiching the bridged polymer membrane. 

30 
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Tdcfonnr.:. 069-305-4302 


Telefexnr.: 069-305-26600 


Fentschrnbnr. : 


r~| Zustellanschrifh Dieses Kastchen ist anzukreuzen, wenn kein Anwalt oder gemeinsamer Vertreter bestellt ist und statt dessen im 
L2LI bigcn Feld einc speziellc Zustellanschrift angegeben isL 



FormblattPCT/RO/101 (Blatt I)(Juli 1998) 



Siehe Anmerkungen zu diesem Antragsformular 



Blatt Nr. 



FddNr.V BESTIMMUNG VON STAATEN 



Die folgemtei B estiim mmgen nacfa R^eJ 4^ Ahsatz a wcnien hiermit voigcnommen (bitte die GitspredmdsD Kastcbm anireuzra; wen^gsteis eia Kastdien 
Regionales Patent 

□ AP ARIPO-Patent: GH Ghana, GM Gambia. KE Kenia, LS Lesoth , \fW Malawi, SD Sudan, SZ Swasiland, 

UG Uganda, ZW Simbabwe und jedcr weitere Staat, der Vertragsstaat des Harare-Protokolls imd des POT ist 

□ EA Eurasisches Patent: AM Aimenien, AZ Aserbaidschan, BY Belarus, KG Kirgisistan, KZ Kasachstan, MD Republik 

Moldau, RU Russische Federation, TJ Tadschfldstan, TM Turkmenistan und jeder weitere Staat, der Vertragsstaat des 
Eurasischen Patentabereinkommens und des FCT ist 
O EP Europaisches Patent: AT Osterreich, BE Belgien, CH und LI Schwciz und Liechtenstein, CY Zypem, 
DE Deutschland, DK Danranark, ES Spanien, FI Finnland, FR Frankreich, GB Vercinigtes K6nigreich, GR Griechenland, 
IE Irland, IT Italien. LU Luxemburg, MC Monaco, NL Niederlande, PT Portugal, SE Schweden und jeder weitere Staat, 
der Vertragsstaat des Europ^schen Patentabereiidcommens und des PCT ist 

□ OA OAPI-Patent: BF Buiicina Faso, BJ Benin, CF Zentralafrikanische Republik, CG Kongo, CI Cote d'lvoire, 

CM Karaerun, GA Gabun, GN Guinea, GW Guinea-Bissau, ML Mali, NCR Mauretanien, NE Niger, SN Senegal, 
TD Tschad, TG Togo und jeder weitere Staat, der Vertragsstaat der OAPI und des PCT ist (Ms me andere Schutzrechtsart 
orfer ein sousiiges Vermren gfmnscht wmL bitte auf der geptinktetEit Unie angeben) 

Natlonales Patent ffaUs eine andere Schutzrechtsart oder ein sonsdges Verfahren gewunscht wird, bitte avf der gepunkteten IMe angeben): 



□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 



□ 
□ 
□ 
□ 



AL Albanien . . . . 
AM Armenien . . . , 

AT Ostmeich 

Austraiien . . . . 
Aserbaidschan 



AU 
AZ 
BA 
BB 
BG 
BR 
BY 
CA 



□ 
□ 
□ 
□ 
□ 



LS 
LT 
LU 
LV 



Lesotho . . . 
Litauen 
Luxemburg 
Lettland 



Bosnien-Heizegowina O 



□ 

□ 

□ 

□ 

□ 

Tschechische Republik □ 

Deutschland □ 

DSnemark □ 

Estland □ 

Spanien □ 

Finnland □ 

Vereinigtes Konigreich □ 

Grenada □ 

Georgien □ 

Ghana □ 

GM Gambia □ 

HR Kroatien □ 

HU Ungam □ 

ID Indonesien □ 

IL Israel □ 

IN Indien H 

IS Island 

JP Japan □ 

KE Kenia □ 

KG Kirgisistan □ 

KP Demokratische Volksrepublik Korea O 



Barbados 

Bulgarien 

Brasilien 

Belarus 

Kanada 

CH tmd LI Schweiz und Liechtenstein 

CN China 

CU Kuba 

CZ 
DE 
DK 
EE 
ES 
Fl 
GB 
GD 
GE 
GH 



MD Republik Moldau 

MG Madagaskar 

MK Die ehemalige jugoslawische Republik 

Mazedonien , 

MN Mongolei 

MW Malawi 

MX Mexiko 

NO Norwegen 

NZ Neuseeland 

PL Polen 

PT Portugal 

RO Rumanien 

RU Russische Fdderation 

SD Sudan 
SE Schweden 
SG Singapur 

SI Slowenien 

SK Slowakei 

SL Sierra Leone 

TJ Tadschikistan 

TM Turkmenistan 

TR TQrkei 

TT Trinidad und Tobago 

UA Ukraine 

UG Uganda 

US Vereinigte Staaten von Amerika 



UZ 
VN 
YU 



Usbekistan 
Vietnam . . . 
Jugoslawien 



ZW Simbabwe 



Kitchen fQr die Bestimmung von Staaten (fOr die Zwecke eines 

KR Republik Korea nationalen Patents), die dem PCT nach der Ver6ffentlichung 

KZ Kasachstan Fomiblatts beigetreten sind: 

LC SaintLucia □ .AE y.Qr.eJnjgt^.arabische, Emirate 

LK Sri Lanka H .ZA Sudafcika 

LR Liberia □ 



Erklamng bzgl. vorsorglicher Bestimmungen: Zusatzlich zu den oben genannten Bestimmungen niramt der Anmelder nach 
Regel 4.9 Absatz b auch alle anderen nach dem PCT zulSssigen Bestimmungen vor mit Ausnahme der im Zu^tzfeld genannten 
Bestimmungen, die v n dieser ErklSrung ausgenommen sind Der Anmelder erklSrt, daB diese zus§tziichen Bestimmungen imter 
dem Vorbehalt eincr BestStigung stehen und jede zusStzliche Bestimmung, die vor Ablauf von 15 Monatcn ab dem Prioritatsdatum 
nicht bestatijgt wurde, nach Ablauf dieser Frist als vom Anmelder zurflckgenommen gilt (Die Bestatigung einer Bestimmtms 
erfolgt durch die Einreicbung einer Mitteiltine, in der diese Bestimmung angegeben vwrrf, und die Zahlung der Bestimmungs- una 
der BestatimsnRS^uhr. Die Bestati^^ njuB beim Anmeldeamt innertiaib der Frist von 15 Monaten ein^en) 



Forrablatt PCT/RO/1 01 (Blatt 2) (Januar 1999) 



Siebe Anmerkungen zu diesem Antra^fbrmular 
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PCT/EP 00/00280 



Fcld Nr. VI PRIORTTATSANSPRUCH 



I I Weitere Prioritfltsansprache sind im Zusatzfeld angeggben. 



Anmeldedatum 
der fitlheren Anmeldung 
(Tag/Monca) 



Aktenzeichen 
der frQheren Anmeldung 



1st die fiOhere Anmeldung cine: 



national Anmeldung: 
Staat 



regionaie Anmeldung:* 
regionales Amt 



tntemati nale Anmeldung: 
Anmeldeaml 



Zeilc(l) 

21. Januar 1999 
^7,01.99) 



11-018090 



JP 



Zeile (2) 

P4. Juni 1999 
fi4.06.99) 



11-157509 



JP 



Zeile (3) 



rn Das Anmeldeaml wird ersucht, cine beglaubigte Abschrift der obcn in der (den) Zetle(n) ; 

bezcichneten fHUicTcn Amneldung(en) zu ersteilen und dem international en BQro zu Ubemiitteln (mtr falls die frOhere Anmeldungfen) bet 
dem Ami etngereichi warden ist(smd), das fiir die Z\vecke dieser intemationalen Anmeldung Anmeldeamt ist) 

* Falls es sich bei der fiUheren Anmeldung urn eine ARIPO-Anmeldung handelt so mufi in dem Zusatzfeld mindestens ein Staat angsgpben -vKrden, der 
Mitgliedstaat der Pariser VerbandsHbereiniamft mm Schuc des geverbltchen Eigentums ist und fiir den die frOhere Anmeldung eingereidii wurde. 



Few Nr. VH INTERNATIONALE RECHERCHENBEHORBE 



Wafal der intemationalai RecbercbenbcfaSrde (ISA) 
(falls zwei oder mehr als zwei intemationale Recherchen- 
behOrden fikr.die Au^Hhrung der iniemationalen Recherche 
zust&tdtg sind. geben Sie die von Ihnen gewOhlte Beh^rde cm: 
der Zweibuchstaben-Code kann benutzt werden) 

ISA/ . 



Antrag auf Nntzmig der Ergebnissc ciner friUtcren Recherche; Beatngnahme anf dlese 
frOherc Recherche (falls einefrHhere Recherche bei der intemationalen Recherchenbehorde 
beantragt oder vow ihr durchgefiihrt warden ist): 

Aktenzeichen 



Datum (Tagfh4onat/Jahr) 



Staat (oder regionales Amt) 



FeldNr.Vni KONTROLLISTE; EINREICHUNGSSFRACHE 



Diese intemationale Anmeldung enthalt 
die folgende Anzafal von Blattern: 

Antrag : 3 

Beschreibung (ohne 
SequenzpFotokollteil) : 1 8 

Ansprache 1 

Zusammenfassung 1 

Zeichnungen 2 

Sequenzprotokollteil 

der Beschreibung : 



BlattzabI insgesamt : 25 



Dieser 


1. 




2. 


□ 


3. 


□ 


4. 


□ 


5. 




6. 


□ 


7. 


□ 


8. 


□ 


9. 





folgende Zeilenniunmer gekennzeichnet: 



Abbildang der Zeichnungen, die 
mil der Zusammenfassung 
verOfTentlicht werdcn soirCNr.): 


Sprache, in der die 

intemationale Anmeldung enaiisch 
cinsereicht wird: 


FeidNr.K IWTERSCHRIFT DES ANMELDERS ODER DES ANWALTS 



Der Name Jeder unterzeichnenden Person ist neben der Unterschrift zu wiederholen, undes ist anzugeben, sofem sich dies nicht eindeutig 

ausr' ' ' ' ^ " — f-— 



TNcane teeter unterzeichnenden ferson tst neben der Unterschrijtzu wiec 
7 dem Antrag ergibt, in welcher Eigenschaft die Person unterzeichneL 

Axiva GmbH 



ppa. Auch 



i.V. Dr. Popp 



1. Datum des tatsacblichen Eingangs dieser m e t A |l ^Miti (1 5. 01 00 / 
intemationalen Anmeldung: 1 □ JMH Uiw / 


2.Zeidmungen 

einge- 
LiJ gangen: 

1 — 1 nicht ein- 
l_J gegangen: 


3. Ge^dertes Eingangsdatum aufgnmd nacbtr^ich, jedoch 
fristgerecht eingegangener Unteriagen oder Zeichnungen 
zur Vervollstandigimg dieser intemationalen Anmeldung: 


4; Datum des fristgerechten Eingangs der angeforderten 
Riditigsteilungen nach Aitikel 1 1(2) PCX: 


5. Intemati nale Rechwchenbdiarde tca / 
ffalls zwei oder mehr zust&ndig sind) : lo A / 


6. 1 1 Obermittlungdes Recherchcnexemplars bis zur 
1 — 1 Zahlung der KecherchcngcbOhr aufgeschobcn 




Datum des Eingangs des Aktenexemplars 
beim Intemationalen Bflro: 



Formblaa PCT/RO/101 (letztes Blatt) (Juli 1998) 



Siehe Anmerkungen zu diesem Antragsformular 



BlaitNr. 

Zusatzfeld Wrd dfeses Zusatzfeld nicht benutzt, so soUte dieses Blatt dem Antrag nicht bSgeSigt werden. 



1 . Wmm d&'PIatzia anon FeldmcbtSxralleAngaben ax^Gctt: In di^mFaU scbreibm Sie 'Forts^zungvaaFeldNr. ' [ Mumm er 
des Feldes angeben] undmachen dieAngab^ entsprechend derm d&aFeld, in dem derPlaiznicbtausreicbc vorg^cbriebeneaArt und 
Wei^ insbesondere: 

(i) WammebralszweiAnmeidermid/adG'Er&idervoTisaBdensiad undkein "FoTtsetzungsblatt " zur Verfammgstsbt: In diesem 
Fall schreiben Sie "Fortsemmg von Fe/d Nr. M" and macben fur Jede weitm Person die in Feld Nr. Ml vor^dscbrieb&ien 
Angab&L Der in diesmn Feid in der Anscbri^ ang^eb&ie Staat ist aer Staat des Sitzes od& Wobnsitz^ des Amnelders, safen 
nacbstebend icezn Staat des Sitzes oder Wobnsitzes ang^eb&j ist 

(ii) WenninFeldNr.IIoderllldieAngabe ''die hn ZnsatzMd angegeben^ Staafen" ansekrmjzt ist In di^^ FaUscbreibenSie 
"Fortseizungvon Feld Nr. U", "Fortsetzungvon FeldNr. Iff " bzw. 'Forts&zung von Feld Nr. Bund Nr. m" und geben den Namen 
des Anmeiders oder die Namen der Anmmder an und neben jedem Namm dai Staat odG- die Staatm (und/oder gg£ ARIPO-, 
eurasiscbes, &iropmsrbes oder OAPI-P^tent), iur die dfe bezeidm^ Person Anmelder ist 

(M) Wenn der in Feid Nr. U oder EI genannte ErGnder oder ErBnda/Anmelder nicht far aUe Be siitntnititgs staatai oder /5r dfe 
Vaanigten Staatm vaa Amenka aSs ErSndo' bGxannt isi: In diesem Fail sciireiben Sie "Fortseizung von Feid Nr, II", 
"Fortseizungvon Feid Nr. ijzw, 'Fortseizung von Feid Nr. IIundNr. UI" undgsbea den Namen d^ErSnaa^ oder die Namen 
derErBnderan undneiyen jedem Namen den Staat oder die Staaten (und/oder^fi ARIPO-, eurasiscbes, &iropaiscbes oder O API- 
Patent), fur die die bezeiamete Person Erftader ist 

(iv) Wenn zusatziicbzu dem Anwait Oder den Anwait^ die ni Feid Nr. IV angegeben sind, weOmAitwaltebesteUtsind: Indiesem 
Fan scbreibai Sie "Forts&zung von Feid Nr. IV und macben fur Jeden weiterm Anwalt die entsprecbenden, in Feid Nr. IV 
vorgesciirieljenmAngabaL 

(v) WenninFeidNr. V beieinon Staat (oder beiOAPI) die Angabe "Zasaixpaient" oder "ZosatzxaOEkai," oder worn in Feid Nr. V 
bei den Vereinigten Staaten von Ameiiica die Angabe "Fmisetzang^ oder *^&lfoiisetnnig" Mnzu^fugt wird: In diesem FaU 
5c/zrei&en Sie "FoTtsetzungvon Feid Nr. V" und geben dm Namen des betreSenden Staaistbder O/S^I) an undnacb dem Namen 
Jedes soicbGi Staats (oderuAPI) das Aistenzeichen des Hauptschutzrecbts oda- derHauptscbulzrecbisanmeidung and das Datum 
der JSrteiiung des Hauptscbutzrecbts oder der Einreidwng der Hauptsdmizrecbtsanmeidvng. 

(vi) WenninFeidNr. VIdieFriaritatvmmebraisdrei&ubmnAmBeldmigenbeanspruchimrd: In di^&n Fail sciireiben Sie 
Fortseizungvon Feid Nr. VI " und macben furjede weitere&ubereAnmeidung die entsprecbenden, in FeidNr. Vlvorgesdxriebenm 



(vii) Wenn in Feid Nr. VI die Grabere Amneldang eine ASIPO Aiuneldnng ist In diesem Faii sdweib&j Sie "Fortseizung von Feid 
Nr. VI" und geben, unter Angabe der Nummer der Zeiie, in der die die Srubere Anmeidung befineflfenden Angaben gmnacbt sind, 
mindestens emen Staat an, der Mitgiied derPariser VerbandsHljeremkunftzum Scbutz des gewmtiicben Eigentums ist und fur den 
die Mbere Anmeidung erfoigte, 

2. Wenn, im Hinbiidc aufdie ErMarang Itzgl. voTSOT^cberBesttnmangen in Feid Nr. V, der Anmeider Staaten von dieser Erkiarung 
ausneiimen mocbte: In diesem FaU sciireib&i Sie "BesttmmunRien), die von der Erkiarung hTgl vorsor^cber Bestimmungen 
ausgenommen ist(sind} " und g^ai den Namen oder den ZweibucSstaben-Code jedes so ausgesddossenen Staates an. 

3. IVenn der Anmeider fur irgendein Besdmmungsamt die Vorteiie nationaier Vorsciiriften betreSend rmsrhadfirhe Ofknitarnneader 
AiMsnalanen von do" Nenbeatssclsadlicbkeit in %asprucb nimmt: In diesem FaU sciireiben Sie "Erkiarung betreSend unsciiaaiicbe 
Offenbarung oder Ausnaiunen von der Neubeitssciiadiiciikeit " und geben im foigenden die entsprecb^de Sddarung ab. 

Feld Nr. IX, Unterschrift des Anmeider oder des Anwalts 



Tetsu Yamamoto 



FonnblaitPCT/RO/lOl (ZnsatTtiatt) (Juli 1998; Nachdrack Juli 1999) 



Siebe Anmskungea zu diesem Antrags&irmuiar 



\ 



t^SEHT COOPERATION TREATY 

PCT 



INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 



Applicant's or agent* s file reference 

1999/F012 PCT 


FOR FURTHER ^ Notiftcation of TransmittaJ of International Search Report 

(Form PCT/lSA/220) as well as, where applicable, item 5 t>elow. 

ACTION 


Intsmational application No. 
PCT/EP 00/00280 


International filing date (day/month/year) 

15/01/2000 


(Earliest) Priority Date (day/monlh/year) 

27/01/1999 


Applicant 

AXIVA GMBH et al . 



This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This Intemational Search Report consists of a total of 3 sheets. 

|7] It is also accompanied by a copy of each prior art document cited in this report 



Basle of the report 

a. With regard to the language, the intemational search was carried out on the basis of the intemational application in the 
language in which it was filed, unless otherwise incficated under this item. 

I I the intemational search was carried out on the basis of a translation of the intemational €^)plication fumished to this 
' — ' Authority (Rule 23.1(b)). 

b. With regard to any nudeottde and/or amino add sequence disclosed in the intemational application, the international search 
was carried out on the ba^s of the sequence listing : 

I I contained in the intemational application in written form. 

filed together with the international application in computer rsadatHe form, 
fumished subsequentiy to this Authority in written form, 
fumished subsequentiy to this Authority in computer readble form. 



2. 
3. 



□ 
□ 
□ 
□ 

□ 

□ 
□ 



the statement that the sut>sequentty fumished written sequence listing does rK>t go t)eyond the cfisdosure in tfie 
intemational appltcation as filed has t>een fumished. 

the statement that tiie information recorded in computer readable form is identical to ttie written sequence listing has been 
fumished 

Certain dalms were found unsearchable (See Box I). 
Unity of Invention Is lacking (see Box II). 



4. With regard to the tttte, 

pT] the text is approved as sut>mTtted by the aipplicant. 

I I the text has t>een estatHished t>y this Authority to read as follows: 



With regard to the abstract 

[T] the text is approved as suk)mitted by the applicant, 
the text has been estat>lished, according to Rule 3 

within one month from die date of mailing of this international search report, sut>mtt comments to this Authority. 
6. The figure of the drawings to t>e publtstied with the abstract is Rgure No. 



I — I the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 



I I as suggested by th applicant. [X] None of the figures. 

I I because the applicant failed to suggest a figure. 

I I because this figure better ctiaracteriTes the invention. 



Form PCT/ISA/210 (first sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



A. CLASStFtCATION OF SUBJECT IIATTEFt , 

IPC 7 C08J5/22 H01M8/10 



According to International Patent Ciassrficalion (IPC) or to both nalionai dassification and IPC 



International App(l cation No 

J|^P|P_00/00280_ 



a HELDS MARCHED 



Minimum documentation searched (classification sy^em foDowed by classification symbols) 

IPC 7 C08J HOIM C25B 



Documentation searched other than minimum documentation to the extertt that such documerrts are Included In ttw fields searched 



Bectronic data base oortsutted during the International search (name of data t>ase and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 


Citation of document, with IrKfication, where appropriate, of the relevant passages 


Relevant to daim No. 


X 


us 5 429 759 A (ANDRIEU XAVIER ET AL) 
4 July 1995 (1995-07-04) 
claim 1 

column 3, line 25 - line 33 
examples 


1.2 


A 


EP 0 025 973 A (ALIGENA AG) 
1 April 1981 (1981-04-01) 
claims 1,5,11 


1 


A 


EP 0 419 396 A (DOW DANMARK) 
27 March 1991 (1991-03-27) 
claims 1,7 

-/-- 


1 



m 



Further documents are Dsted in the continuation of box C< 



ID 



Patent family members are listed in annex. 



* Special categories of cited documents : 

*A' document defining the general state of the art which is not 

considered to be of particular relevance 
'E' earlier document but published on or after the intemationai 

fiDngdate 

'L* document which may throw doufate on priority claim(s) or 
which is dted to establish the publication date of arKither 
citation or other special reason (as specified) 

"O" document referring to an oral cfisclosure, use, exhibition or 
other means 

*P* document putsDshed prior to the international fiiing date but 
later tt^an ttie priority date dainred 



T' later document published after the intemationai fiiing date 
or priority date and not in conflict with the application but 
cited to understand the pr1r>cipie or theory underiyingthe 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventhre step when the document Is taken alone 

"Y' documerA of particular relevance; the claimed invention 

canrwt be oonsidersd to involve an Inventive step when tt^ 
document is combiried with one ornfK>re other such docu- 
ments, such combination being obvious to a person sldDed 
in ttwart. 

*&* document memt>er of the same patent tarnOy 



Date of the actual completion of ttte intematiorial search 

18 May 2000 


Date of maiDng of the Intemationai search report 

29/05/2000 


Name and maOing address of the ISA 

European Patent Office, P.B. 581 8 Patentlaan 2 
NL - 2280 HV Rijswipc 
Tel. (+01-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (431-70) 340-3016 


Authorized officer 

Niaounakis, N 



Fomi PCT/lSA/210 (second eheet) (July 1992) 



page 1 of 2 



1 



INTERNATIONAL SEARCH REPORT 

m 


Memattonal Appileatlon No 

P^^ 00/00280 


C^ConUnuation) iXXHJMENTS CONSIDEREtT TO BE RELEVANT ^ 


Categofy * 


Citation of document, wfth Incication .where appropriate, of the relevant passages 


Relevant to claim No. 


A 
A 


DATABASE UPI 

Section Ch. Week 199734 

Derwent Publications Ltd., London, GB; 

Class A91, AN 1997-369566 

XP002138059 

& JP 09 157412 A (TOKUYAMA SODA KK), 
17 June 1997 (1997-06-17) 
abstract 

US 5 409 785 A (NAKANO NOBORU ET AL) 
25 April 1995 (1995-04-25) 
claim 1 


1 
1 



Fonn PCT/ISA/210 (oontfauaUon at eeoond sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Lon pstotit t&mity inoinboiB 



Patent document 
cited in search report 



Pubtication 
date 



tntematlona] Application No 

PJ^^ 00/00280 



Patent family 
memt)er(s) 



Publication 
date 



FR 


2695131 


A 


04-03-1994 


AT 


156937 


T 


15-08-1997 


CA 


2105231 


A 


02-03-1994 


DE 


69313063 


D 


18-09-1997 


DE 


69313063 


T 


11-12-1997 


EP 


0591014 


A 


06-04-1994 


ES 


2105164 


T 


16-10-1997 


JP 


6196016 


A 


15-07-1994 



US 5429759 



04-07-1995 



EP 


0025973 


A 


01- 


-04- 


•1981 


BR 


8005980 


A 


31-03-1981 














CA 


1186860 


A 


14-05-1985 














DE 


3035134 


A 


09-04-1981 














DE 


3070021 


D 


07-03-1985 














r K 




A 


97— fl*?— lOtll 














bD 




A Q 
A , D 
















T 1 

IL 


0 J.U/U 


A 
A 
















IP 


iOUUUlo 


It 
















JP 


2023215 


B 


23-05-1990 














JP 


56048214 


A 


01-05-1981 














MX 


156797 


A 


05-10-1988 














US 


4584103 


A 


22-04-1986 


EP 


0419396 


A 


27- 


-03- 


-1991 


BR 


9004424 


A 


10-09-1991 














CA 


2024575 


A 


06-03-1991 














JP 


3114518 


A 


15-05-1991 














NZ 
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INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



26. Feb. 290! 



To: 



AXIVA GMBH 
Patente 

Industriepark Hochst, Gebaude K 801 
D-65926 Frankfurt am Main 
ALLEMAGNE 



PCT 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PCT Rule 71.1) 



Date of mailing 
(day/month/year) 



26.02.2001 



Applicant's or agenf s file reference 
1999/F012 


IMPORTANT NOTIRCATION 


International application No. 
PCT/EPOO/00280 


International filing date (day/month/year) 
15/01/2000 


Priority date (day/month/year) 
27/01/1999 


Applicant 

AXIVA GMBH et al. 



1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international application. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 



3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Form PCT/IB/301). 



Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the intemational preliminary examination report. It is the applicant's 
responsibility to prepare and furnish such translation directly to each elected Office concemed. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 



Name and mailing address of the I PEA/ 



European Patent Office 
D-80298 Municfi • 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Authorized officer 
Aperribay, I 

Tel.449 89 2399^154 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicants or agents file reference 
1999/F012 


COD CI iD-rucD Ar^-n/^Ki Notification of Transmittal of International 
■ t-UH hURTHtH ACTION Preliminary Examination Report (Fomn PCT/lPEA/416) 


International application No. 
PCT/EPOO/00280 


International filing date (day/month/year) 
15/01/2000 


Priority date (day/month/year) 
27/01/1999 


International Patent Classification. (IPC) or national classification and IPC 
C08J5/22 


Applicant 






AXIVA GMBH et al. 







1 . This international prellnninary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 5 sheets. Including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 



1 


IS 


II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 




VIII 


IS 



Lack of unity of invention 

Reasoned statement under Article 35(2) with regard t 
citations and explanations suporting such statement 
Certain documents cited 
Certain defects in the international application 



Date of submission of the demand 
17/08/2000 



Date of completion of this report 
26.02.2001 



Name and mailing address of the international 
preliminary examining authority: 

European Patent Office 
(m D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Authorized officer 
Kairi, M 

Telephone No. +49 89 2399 8672 




Form PCT/IPEA/409 (cover sheet) (January 1994). 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/EPOO/00280 



I. Basis of the r port 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office // 
response to an invitation under Article 14 are referred to in this report as "onginaity filed" and are not annexed to 
the report since they do not contain amendments (Ruies 70. 16 and 70, 1 7).): 
Description, pages: 

1-16 as originally filed 

Claims, No.: 

1-7 as originally filed 

Drawings, sheets: 

1/2-2/2 as originally filed 



2. With regard to the language, all the elements marked above were available or fumished to this Authority in the 
language in which the International application was filed, unless othenwise indicated under this item. 

These elements were available or fumished to this Authority in the following language: , which is: 

□ the language of a translation fumished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the intemational application in computer readable form, 

□ fumished subsequently to this Authority in written fomi. 

□ fumished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been fumished. 

□ The statement that the information recorded in computer readable fonn is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims. Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, Inventive step or Industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


3,4,7 




No: 


Claims 


1 .2,5,6 


Inventive step (IS) 


Yes: 


Claims 


4 




No: 


Claims 


3,7 


Industrial applicability (lA) 


Yes: 


Claims 


1-7 




No: 


Claims 





2. Citations and explanations 
see separate sheet 



VIL Certain defects in the international application 

The following defects in the forni or contents of the intemational application have been noted: 
se separate sheet 



Vlll. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 2) (Juty 1998) 



INTERNATIONAL PRELIMINARY International application No. PCT/EPOO/00280 

EXAMINATION REPORT - SEPARATE SHEET 



R It m V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Article 33(2) PCT 

The document US-A-5,429,759 (D1) discloses a proton-conducting polymer solid 
electrolyte comprising a polyether which has two terminal primary amine functions 
and which is cross-linked by a curing agent having two epoxy functions, said 
electrolyte being characterized by the fact that an acid is dissolved into said cross- 
linked polyether and that said electrolyte contains water (Claim 1). That electrolyte 
is particularly suitable for use in numerous applications, such as electrochemical 
cells, fuel cells, electrolytic cells, supercapacitors, electrochemical sensors, 
electrochromic windows and displays, and in all microionic applications that use 
solid electrolytes (Column 3, lines 25-33). Example 1 discloses the following: 
The following were dissolved in acetonitrile at 24°C: 

4 grams of 0,0'-bis-(2-aminopropyl)-polyethylene glycol 6000 (Jeffamine ED 6000 
sold by Texaco); 

0.08 g of butanediol diglycidyl ether as a curing agent; and 
0.08 g of LiCI04 as a catalyst. 

After complete dissolution, the mixture was cast into a mold, and then the solvent 
was evaporated in vacuo. The resulting film was cross-linked for 15 hours at 
100°C. 

The cross-linked film was then swollen with an aqueous phosphoric solution, and 
it was then dried in vacuo to remove the water the water for 15 hours at 100°C. 
The resulting anhydrous polymer solid electrolyte contained 30% by weight of 
phosphoric acid. 

Example 4 discloses the following: 

By following the same procedure, a cross-linked polymer film was made from: 
2 g of 0,0'-bis-(2-aminopropyl)-polyethylene glycol 1900 (Jeffamine ED 2001): 
0.4 g of butanediol diglycidyl ether; and 
0.2 g of paratoluene-sulfonic acid. 
. The cross-linked film was then dried for 15 hours at 100°C under a primary 
vacuum. 

On the basis of that disclosure the subject-matter of Claims 1 ,2, 5 and 6 is 
anticipated by D1. 
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Article 33(3) PCT 

Regarding the subject-matter of Claim 3, the individual feature of that claim could 
correspond to an arbitrary selection in the absence of evidence of unexpected 
effect and therefore no inventive step can be recognized for the subject-matter of 
that claim. 

Regarding the subject-matter of Claim 4, the skilled man starting from the 
disclosure in D1 would not have obviously considered using as a basic polymer 
having an amino group a polymer having an imidazole compound repeating unit 
with a secondary amino group and therefore an inventive step can be recognized 
for the subject-matter of that claim. 

Regarding the subject-matter of Claim 7, the individual feature of that claim can be 
considered to be conventional as also indicated from the decription (page 1 , lines 
14-15) and therefore no inventive step can be recognized for the subject-matter of 
that claim. 



Re Item VII 

Certain defects in the international application 

The statement of prior art does not include a reference to the closest prior art 
document US-A-5 429 759 (D1) (Rule 5.1 (a)(ii) PCT). 

Re Item VIH 

Certain observations on the international application 

The "incorporation as reference" of the entire content of another document (page 
2, lines 9-10 and 24-25; page 7, lines 4-5; page 10, lines 12-13) could cast doubt 
upon the protection given by the claims (Article 6 PCT). 
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From the INTERNATIONAL BUREAU 



PCT 

NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 

(PCT Rule 47.1(c), first sentence) 


To: 

AXIVAGMBH 
Patente 

Industriepark Hochst, Gebaude K 801 
u-ooyzo rranKTurt am iviain 
ALLEMAGNE 

) , " H. Aug. 2000 1 


Date of mailing (day/month/year) 
03 August 2000 (03.08.00) 




Applicant's or agent* s file reference 
1999/F012PCT 


IM PORTANT NOTICE 


International application No. 
PCT/EPOO/00280 


International filing date (day/month/year) 
15 January 2000(15.01.00) 


Priority date (day/month/year) 

27 January 1999 (27.01.99) 


Applicant . - 

AXIVAGMBHet a! 



1. Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the International application 
to the following designated Offices on the date Indicated above as the date of mailing of this Notice: _ 

JP,KR,us MlS/.DateoptJege^^^ 

Eriedigung-. 3^ -^ -^ 

- In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken piece on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

CA,EP,MX,ZA 



The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 4d.1(a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
03 August 2000 (03.08.00) under No. WO 00/44816 



REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 



The International Bureau of WIPO 


Authorized officer 


34, chemin des Colombettes 


J. Zahra 


1211 Geneva 20, Swrtzeriand 


Facsimile No. (41-22) 740.14.35 


Telephone No. (41 -22) 338.83.38 



Form PCT/IB/308 (July 1996) 



3433024 



